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Abstract : ZnS nanocrystals of different sizes have been prepared by wet chemical method X-Ray 
diffraction (XRD) pattern of ZnS powder shows the zinc blende structure of the crystals with a size variation 
from 2.9 to 1.6 nm with the addition of capping agent C2H5OSH The optical absorption of ZnS deposited on quartz 
shows the blue shift with the increase in the bandgap from 3.6 to 4 0 eV The observed low thermal activation 
energy of 0.4 eV determined from resistivity data on the pellets of capped ZnS suggests the formation of charge 
carrier traps in the presence of capping agent Thermolummescence (TL) glow curves of the nanostructured 
ZnS crystals could not be observed 
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1. Introduction 
Group ll-VI semiconductors occupy a prominent place in the semiconductor physics and 
optoelectronic devices as they show a high efficiency of radiative recombination, high 
absorption co-efficient and direct band gaps corresponding to a wide spectrum of 
wavelengths from ultraviolet to infra-red regions. Since the theoretical explanation of the 
quantum confinement effect of zero dimensional nanomaterials or quantum dots by Efros 
and Efros [1] and their novel properties and potential applications [2] these materials have 
drawn the interests of many researchers in recent years. Special attention is paid to 
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nanocrystalline semiconductors for their remarkable properties such as nanoelectronics. 
quantum electronics, sensor technology, non-linear optics and solar technology, different 
from their conventional counterparts [3]. 
Among ll-VI semiconductors CdS and ZnS are widely used as window layers of solar 
cells. They exhibit strong size-dependent optical properties. Increase in the band gap and 
hence the blue shift in the optical absorbance with decrease in the particle size is observed 
This effect occurs when the size of the nanocrystals is smaller than the corresponding 
bulk Bohr exciton radius, a consequence of localisation of charge carriers and hence 
quantum confinement [4]. Extensive investigations [5-17] have been carried out on ll-V! 
semiconductor nanomaterials as they are relatively easy to synthesise and can generally 
be prepared as nanoparticles, or in thin film forms. Among a number of methods for the 
preparation of ZnS wet chemical synthesis process offers an inexpensive and simple 
means to synthesize such particles with good control of size and size distribution by 
optimising various parameters and can be deposited over a large area. Many workers 
[18-21] reported the use of using NH4OH as complexing agent of Zn to form [Zn(NH3)4]2+, 
which ensures the slow release of Zn2+ ions from the complex during the reaction. It also 
can vary the pH of the reaction bath. 
In this paper we present the preparation of nanostructured ZnS crystals using wet 
chemical method using inorganic precursors ZnCI2 and Na2S as the sources of Zn and S 
respectively. Mercaptoethanol (C2H5OSH) and liquor ammonia in form of NH4OH have been 
used as capping agent and complexing agent respectively. XRD pattern of the prepared 
ZnS powder shows that with the addition of C2H5OSH the size of ZnS decreases from 2.9 
nm to 1.6 nm. The size of the particles has also been calculated using effective mass 
approximation (EMA). The blue shift has been observed in the absorbance spectra of ZnS 
thin films deposited on quartz by normal dip coating with the addition of C2H5OSH. This 
is due to the quantum confinement effect. The band gap calculated using the absorbance 
spectra increases from 3.6 to 4.0 eV Chen et al [12, 13] reported thermoluminescence 
(TL) glow curve of ZnS nanocrystals and studied the surface states of the nanoparticles. 
They have pointed out that electron or hole traps are produced in the band gaps of the 
nanocrystals even without irradiation since in such particles, ions at the surface increase 
rapidly when the size becomes smaller. Carriers (electrons or holes) trapped in such 
surface states or defect states may be released by thermal stimulation and recombine at 
recombination centers to give out TL. Further, the observed TL of nanocrystalline ZnS 
samples has been attributed to the long wavelength peak in the absorbance spectrum 
and hence to the presence of surface states. However, Kumbhojkar et al [9] could not 
observe any red shifted peak in the absorption spectra of ZnS. Indeed, for deeper 
understanding on ZnS nanocrystals, their electrical properties in the low temperature are 
also desirable. So far, this has been mostly reported for high temperatures [22,23]. In this 
paper low temperature resistivity of ZnS prepared with and without capping agent over a 
range of temperature 150 to 300 K has been measured. ZnS prepared without capping 
agent remains as an insulator over this range of temperature whereas ZnS prepared with 
C2H5OSH shows a transition at around 250 K giving a thermal activation energy of 0.4 eV 
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which is an indication of charge carrier traps. The thermoluminescence (TL) readout of 
ZnS nanocrystals before and after irradiation by
 Y-rays has been recorded. However no TL 
of ZnS nanocrystal could be observed. 
2. Experimental details 
The preparation method reported by Qu et al [17] has been modified with the addition of 
NH4OH. The ZnS samples are prepared using ZnCI2 (GR, Merck) and Na2S (GR, Merck) 
as sources of Zn and S respectively. Liquor ammonia (30% GR, Merck) is added to 100 
ml of freshly prepared ZnCI2 (0.1 M) solution. The solution becomes turbid initially but on 
adding excess ammonia the solution becomes clear as before indicating the formation of 
the complex [Zn(NH3)4]2+. NH4CI is used as buffer solution. Following the standard method 
[18], the chemically and ultrasonically cleaned quartz and glass substrates are mounted 
in the reaction bath before the addition of Na2S. The mixture is then heated upto 70°C 
and 0.1 M Na2S is added at the rate of 1 ml per minute under nitrogen atmosphere with 
constant stirring. The reaction is carried out using different molarities of the capping agent 
C2H5OSH. Thin films of ZnS are thus deposited on quartz and glass substrates by dip 
coating method. Further, the reaction is continued to obtain the precipitate of ZnS. The 
precipitate is centrifuged, washed with distilled water several times to extract any excess 
Na2S, and finally extracted with methanol. The precipitates of ZnS are air-dried at 40°C. 
ZnS nanocrystals thus prepared without capping agent is labeled as Z1, with C2H5OSH 
(0.001 M) as Z2 and C2H5OSH (0.05 M) as Z3. 
The particle size and crystal structure of the samples are determined from XRD data 
obtained using Rigaku 18 kW Rotating X-ray generator equipped with Rigaku D-Max-300, 
0 - 20 Goniometer with CuKa X-radiation. The ionic composition is determined using energy 
dispersive X-rays (EDX) data. The micrographs are recorded using a Digital Instruments 
Nanoscope AFM (E Verson-245). The optical absorbance of ZnS deposited on quartz is 
recorded using UV-Visible Spectrophotometer (Systronics-2202). The TL readout data of 
ZnS nanocrystals before and after y-rays irradiation has been recorded using a TL recorder 
(RCA931A). The resistivity data are collected on the pellets of 8 mm diameter of dried 
ZnS with the help of a Keithley 6517A electrometer and a 240 Lakeshore temperature 
controller in the temperature range 150 K to 300 K. 
3. Results and discussion 
The XRD patterns of nanostructured ZnS powders Z1, Z2 and Z3 indicate that the crystallites 
exist in the zinc blende structure (Figure 1) with prominent peaks at the 20 values of 
28.75°, 48.05° and 57.17° corresponding to (111), (220) and (311) planes respectively 
[JCPDS Card No. 80-0020]. Close observation of the patterns shows gradual broadening 
of the peaks, say (111) peak. These peaks have been utilised to estimate the size of the 
crystallites using Scherrer formula [24], D = ftt /(/Jcos0), where D is the average grain 
size, K is a constant (~1), P is the full width at half maximum and a is the Bragg's 
angle. The crystallite sizes thus estimated for the Z1, Z2 and Z3 samples are in decreasing 
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order (Table 1) Figure 2 shows a representative 2-dimensional AFM picture of the pellet 
of Z2 The nanostructured particles are seen to be agglomerated to from a gram having a 
size of about 30 nm with rather well defined grain boundaries 
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Figure 1 XRD patterns of nanostructured crystals of ZnS (Z1) corresponds to ZnS prepared without 
cappant (Z2) and (Z3) those with 0 001 M and 0 05 mercaptoethano! as cappant 
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Figure 2. Two dimensional AFM image of pellet of dried nanocrystailme ZnS particles prepared with 0 001 
M mercaptoethanol (Z2) 
The optical absorbance of the Z1, Z2 and Z3 samples are shown in Figure 3 It is 
clearly seen from the figure that there is blue shift in the absorption edge of the optical 
spectra of ZnS as the particle size decreases due to the quantum confinement effect 
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Table 1. Grain size of Z1, Z2 and Z3 samples obtained from XRD data 
Sample Grain size Band gap 
from XRD (eV) 
(nm) 
21 2 9 3 6 
22 2 0 3 8 
Z3 1.6 4 0 
The band gap of the sample is calculated from the absorbance spectra shown in Figure 3 
using the relation [25] (at*,fn = A(hv~Eg), where a is the absorption co-efficient, hi> is 
the photon energy, A is a constant and Eg is the band gap of the material. The value of 
n in the exponent is 1/2 for direct, allowed transitions. 
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Figure 3. Absorbance spectra of thin films of nanocrystalline ZnS deposited on quartz substrate (Z1) 
corresponds to ZnS prepared without cappant, (Z2) and (Z3) those with 0 001 M and 0 05 M cappant 
Figure 4 shows the plots of (ahvf vs. hv- The linear portion of the plot of ( a / v f vs 
hv in the region of strong absorption has been extrapolated to obtain the intercept on 
the hv axis. The intercept gives the value of the band gap Eg, which is also listed in 
Table 1. It is clear that the band gap increases with decrease in particle size. From Table 
1 it is also observed that optical bandgap of the particles Z2 and Z3 are found to exceed 
the bandgap 3.6 eV of bulk ZnS. This can be attributed to the quantum confinement 
effect as the particle size becomes smaller than the Bohr exciton radius (2.5 nm) of ZnS. 
The exciton energy E obtained using effective mass approximation (EMA) for strong 
confinement is given by [4] Es = Eg + (h2n2 )/(2JU/=?2 ) - (l .786e2 )/(4ne0t*R) - 0.248ERV , 
where ix is the reduced effective mass, e is the dielectric constant of ZnS and c0 is 
the permittivity in vacuum, Epy is the effective Rydberg energy. Using this relation the 
and EMA and their band gaps 
Gram size 
from EMA 
(nm) 
2 4 
1 9 
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grain size of Z2 and Z3 are found to be 2 4 nm and 1 9 nm respectively (Table 1) The 
gram size determined from XRD data and EMA are found to agree 
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Figure 4. Variation of (hva) vs h\ of thin films of ZnS the linear portion of the curves has been 
extrapolated to obtain the intercept to give the band gap of ZnS crystals (Z1) corresponds to ZnS 
prepared without cappant (Z2) and (Z3) those with 0 001 M and 0 05 cappant 
Figure 5 shows the variation of log resistivity (In p ) with the reciprocal of temperature 
1000/7" The resistivity p of Z1 shows a fairly large constant value over this temperature 
range, indicative of highly insulating nature However, the resistivity of Z2 shows a transition 
at around 250 K and the linear fit of the curve of Z2 over the region of transition shows 
that it follows the Arrhenius equation p = pQ exp(£a IkT), where Ea is the thermal activation 
energy and kB is the Boltzmann constant The thermal activation energy of the 
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Figure 5. Variation of In p with 1000/7 of pellets of ZnS nanocrystats prepared without cappant (Z1) 
and prepared with 0 001 M mercaptoethanol (22) 
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nanostructured ZnS crystals Z2 prepared using mercaptoethanol is then obtained from the 
slope of the linear portion of the curve of Z2 The value of Ea is found to be 0 4 eV is 
much smaller than the band gap of 3 6 eV of bulk ZnS Ion and Antohe [26] in their 
investigation of temperature dependence of electrical resistance of CdSe thin films placed 
in a He closed cycle cryostat reported the presence of a deep donor level located at 0 37 
eV below the bottom edge of the conduction band The present observed value of E of 
0 4 eV is close to their reported value of CdSe thin films To understand this better, ^ we 
attempt to record the TL glow curves of these ZnS crystals both before and after y-rays 
irradiation However, no TL response is observed It is interesting to note that electron or 
hole traps are produced in the band gaps of the nanocrystals even without irradiation 
since in such particles ions at the surface increase rapidly when the size becomes smaller 
[12,13] Carriers trapped in such surface states may be released by thermal stimulation 
and recombine at recombination centers to give TL Chen et al [12 13] observed TL of 
nanocrystalline ZnS samples, which has been attributed to the long wavelength peak in 
the absorbance spectrum and further to the presence of surface states On the other 
hand, Kumbhojkar et al did not observe any red shifted peak in the absorption spectra of 
ZnS [9] The thermal activation energy of 0 4 eV found from the present resistivity data 
may thus be associated with the charge carrier traps in the presence of the cappant The 
activation energy of 0 4 eV, being in the far infra-red region, is thus corroborated with 
absence of peak in UV-Visible absorption spectra and TL read out 
4. Conclusion 
Nanocrystalline ZnS particles both in powder and thin film have been prepared using wet 
chemical method The sizes of crystallites are found to lie in the range of 1 6-2 9 nm 
The optical and electrical properties have been studied The quantum confinement effect 
is apparent from the observed blue shift of the absorption spectra The band gap increases 
from 3 6 to 4 0 eV as the size decreases from 2 9 to 1 6 nm Resistivity of pallets of 
nanocrystalline ZnS prepared with capping agent gives the thermal activation energy of 
0 4 eV, which is associated with the formation of charge carrier traps in the presence of 
the capping agent 
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